Objective: This study was undertaken to identify the association between facial fracture patterns and traumatic head injury in injured motorcycle riders. Methods: Retrospective study design. We reviewed the medical records of patients who underwent facial bone computed tomography (CT) and brain CT simultaneously among the injured motorcycle riders between May 2009 and July 2011. Data collected included age, sex, Glasgow Coma Scale (GCS), Revised Trauma Score (RTS), facial fracture patterns, head protective device (helmet) use, alcohol intake, time of accident and seat position. Facial fracture patterns were grouped as upper, mid, and lower face. Traumatic head injury (THI) included skull fracture, brain haemorrhage and diffuse axonal injury. Results: Of the 154 patients included, 138 (89.6%) were male, 57 (37%) had facial fracture, 69 (44.8%) wore helmets and 30 (19.5%) had THI. Their mean age was 29.015.0 years. After multivariate logistic regression analysis, THI was associated with GCS, seat position of riders and accident time. THI was correlated with the combination of upper and midfacial fractures in helmeted group and isolated upper facial fracture or the combination of upper and midfacial fractures in unhelmeted group. The rest of facial fracture patterns were not correlated with THI regardless of helmet. Conclusions: The combination of upper and midfacial fractures are the risk factor of THI regardless of helmet. The patients with the combination of upper and midfacial fractures should be further evaluated for head injury regardless of helmet. (Hong Kong j.emerg.med. 2013;23:204-209) 目的：進行這項研究是要確定在受傷的摩托車乘騎者身上，面部骨折模式和創傷性顱腦損傷之間的關 聯。方法：回顧性研究設計。我們審閱了於 2009 年 5 月至 2011 年 7 月間，所有同時進行過面部骨骼電 腦掃描（ CT ）和腦部電腦掃描的受傷摩托車乘騎者之病歷紀錄。收集的數據包括年齡、性別、格拉斯 哥昏迷指數（ GC S ），修正之創傷指數（ R T S ）、面部骨折模式、頭部保護裝置（頭盔）的使用、 酒精攝取、意外事故的時間和座椅位置。面部骨折的模式被劃分為上、中、下三類。創傷性顱腦損傷 （ THI ）包括顱骨骨折、腦出血和瀰漫性軸索損傷。結果： 154 名患者中， 138 名（ 89.6% ）為男性， 5 7 名（ 3 7 % ）有面部骨折， 6 9 名（ 4 4 . 8 % ）有配戴頭盔，而 3 0 名（ 1 9 . 5 % ）患有 T H I 。他們的
Introduction
Facial injury is a common reason for people to visit the emergency department. Patients with facial injury are on the rise because of increasing traffic, more wealthy population and changes in social setting. For multi-trauma injuries, about 8% of the patients cannot be diagnosed after initial assessments. In about 16% of those, facial injury are diagnosed. 1 Patients with facial injury can have a wide range of clinical conditions from simple facial laceration, contusion, fracture to severe complication such as multiple organ injuries. It is important to look into the accompanying injuries since massive bleeding can also complicate facial fractures which could impair the airway of the patient. 2 Since the facial bones are adjacent to the cranium, we should also take traumatic head injury into account in which case serious complication and physical dysfunction could occur. 3 The correlation between facial injury and traumatic head injury has been discussed over the past 50 years. But, it has not yet been concluded whether facial injury can predict head injury. Lee et al reported that facial fracture can protect the head by being injured initially. 4 That is to say the facial bones may act as cushion absorbing external forces to the cranium to reduce the risk of head injury by protecting intracranial structures. This idea was called "Cushion theory". Lee et al reported that none of the facial fractures was associated with head injury, which supported the theory. 5 On the contrary Rimel et al and Dacey et al reported that facial fracture was an indicator reflecting the severity of the head injury. 6, 7 Kraus et al showed that there was a significant association between traumatic brain injuries and facial bone fractures, especially the highest odds of brain injury was found in upper facial fractures. 8 Motorcycle accident is a common cause of facial injury and head injury and has several different characteristics compared to other accidents. The motorcyclist is more likely to get hurt in various ways even by simple fall or collision, since the body of him/her is more readily exposed to contact injury than sedan drivers. 9 Reports showed that about 61% of severe trauma in motorcycle accidents involved head injuries and wearing helmets reduced the head injuries by 22-57% as well as the overall mortality. [10] [11] [12] [13] Since there were few studies about how facial fracture and wearing helmets could affect the head injury, we looked into the association between facial fracture and traumatic head injury according to helmet use in motorcycle accidents.
Methods
We retrospectively studied 154 motorcycle rider patients who visited the emergency department (ED), underwent facial bone computed tomography (CT) and brain CT simultaneously from May 2009 to July 2011. Patient data such as age, sex, helmet use status, time of the accident, seat position of riders and alcohol intake were collected from the trauma registry. Glasgow Coma Scale (GCS), Revised Trauma Score (RTS), traumatic head injury (THI) and facial fracture patterns were obtained and classified by physical examination and findings on radiologic study from hospital medical records.
When patients had facial injuries and traumatic head injury was suspected, facial bone CT and brain CT were taken. Facial injuries included facial swelling, (Table 3) . We performed multivariate logistic regression analysis on the basis of the factors relating to THI. There was statistical difference in GCS, seat position of riders and accident time. However, wearing helmets did not have any influence over THI (Table 4) . In all patients, THI was associated with isolated upper facial fracture or the combination of upper and midfacial fractures. In the helmeted group, THI was associated with the combination of upper and midfacial fractures. In unhelmeted group, THI was associated with isolated upper facial fracture or the combination of both upper and midfacial fractures ( Table 5) .
Discussion
There are several reports that wearing a helmet can protect the head including the face and that it reduces the mortality in motorcycle accidents. 15 Gabella et al reported that the odds of traumatic head injury for unhelmeted group were 2.25 times greater than that for helmeted group. 16 Bachulis et al indicated that the odds of facial fracture for unhelmeted group were 2 times greater than for helmeted group. 15 Johnson et al contusion, abrasion, laceration, tooth fracture, periocular injury, epistaxis or temporomandibular malocclusion.
THI included skull fracture, traumatic subarachnoid haemorrhage, subdural haemorrhage, epidural haemorrhage, contusional haemorrhage and diffuse axonal injuries except cerebral concussion and scalp laceration. Facial fractures were divided into orbital, maxillary, zygomatic, nasal and mandibular fracture according to Shultz. 14 Facial fracture patterns were divided into upper facial fracture which included the orbital bone, midfacial fracture which included the maxilla, zygoma and nose and lower facial fracture which included the mandible. When there were more than two fractures from different parts of facial bones, we defined them as multiple fractures.
Seat position of the motorcycle rider was divided into driver seat and passenger seat. Blood alcohol concentration (BAC) test was used to see whether the rider was under the influence of alcohol or not. BAC10 mg/dl was considered as the cut-off. Time from 6 AM to 6 PM was defined as daytime and the rest was defined as night time.
This study was performed using chi-square test, Student t test, Mann-Whitney U-test and multivariate logistic regression analysis in SAS Enterprise Guide (ver. 4.2, SAS Institute, Cary, NC). P<0.05 was considered statistically significant.
Results
Of the 154 patients, the mean age was 29.015.0 years and 138 (89.6%) were male. 57(37%) had facial fracture and 30 (19.5%) had THI. Sixty-nine (44.8%) wore helmets and 132 (85.7%) were drivers (Table 1) . Between the helmeted group and unhelmeted group, there was statistical difference in the mean age, GCS and THI. However, there was no statistical difference in facial fracture patterns between two groups (Table  2 ). There was no difference in the mean age between group with THI and group without THI. THI was showed in their report that the odds of facial fracture for unhelmeted group were 3 times greater than that for helmeted group. 17 In this study, the odds of traumatic head injury for unhelmeted group were 2.5 times greater than that for helmeted gro up. However af ter per fo rmin g a multivariate logistic regression analysis there was no association. There was no statistical difference in facial fracture between helmeted group and helmeted group. We wonder that it is due to the fact that we did not consider the types of helmets and the way of wearing helmets.
Hitosugi et al reported that there was more severe traumatic head injury in open-face helmeted group than in full-face helmeted group. 18 DeMaro et al investigated the impact responses of motorcycle helmets by using 4 different types of helmets. And they found that impact responses varied with the helmet material as well as the type of helmet used. 19 Other studies regarding correlation between specific type of facial fractures and traumatic head injury showed various results without any consensus. Plaisier et al studied the relationship between each patterns of facial fractures and mortality rate induced by head injury. 20 Facial fracture patterns were grouped as fractures of lower face, midface and upper face. Patients with isolated fracture of lower face had the lowest mortality rate induced by head injury (1.6%). There was a 13.5-fold increase in neurologic death in patients with facial fractures involving the midface and upper face. However, Haug et al reported that mandibular fractures were most frequently accompanied by closed head injuries and isolated maxillary fractures were least frequently accompanied. 21 Song et al reported that combined facial fractures had a significant positive association with radiologically-proven cranial injuries (RPCIs) (OR=6.95; 95% CI, 2.75 to 17.57; P<0.001). 22 Isolated maxillary fractures had a significant negative association with RPCIs (OR=0.10; 95% CI, 0.01 to 0.78; P=0.008). Mandibular fractures had a significant positive association with RPCIs (OR=4.49; 95% CI, 1.54 to 13.12; P=0.008).
In this study, the risk of traumatic head injury increased when there was isolated upper facial fracture or if there was a combination of upper and midfacial fracture. However, the rest of the facial fracture patterns were not associated with traumatic head injury. The reason why the association between each patterns of facial fractures and traumatic head injury is different could be due to the fact that definitions of traumatic head injury are different for each studies. Lee et al reported that combined facial fractures were not correlated with cranial injury defined to include skull fracture, brain haemorrhage, scalp laceration, and cerebral concussion. 5 However, Song et al showed that by excluding scalp laceration and concussion, combined facial fractures had a significant association with cranial injuries. 22 Kraus et al reported that significantly increased odds of traumatic brain injury were observed in fractures of all bones of the face, and the odds of traumatic brain injury for facial fractures in helmeted group was higher than that of unhelmeted group. 10 In contrast to unhelmeted group, we found that isolated upper facial fracture was not associated with traumatic head injury in helmeted group. Wearing helmets may have prevented the head injury when there was isolated upper facial fracture. When there was the combination of upper and midfacial fractures, the risk of traumatic head injury increased regardless of helmet use. We wonder in this case, the facial bones being proximate to cranium, the external force must be great enough to fracture the upper and midfacial bones together. Therefore, the patients with the combination of upper and midfacial fractures should be further evaluated for head injury regardless of helmet use.
There were several limitations in this study. First, it was a retrospective study and we were not able to control variables that have influenced traumatic head injury. Secondly, it was limited to injured motorcycle riders visiting one ED in a tertiary teaching hospital. Thirdly, we could not identify the types of helmet, and whether it was properly worn. The mechanism of the accident and speed of motorcycle in the accident was also unknown to us. Fourthly, we did not include the riders who initially rejected the exams and investigations in ED and later were diagnosed with injury by CT taken in the outpatient department. Lastly, we did not consider the association between facial fracture and the severity of traumatic head injury. Prospective studies in multiple centers without these limitations are needed for definitive evaluation.
Conclusion
Upper and midfacial fractures are risk factors of traumatic head injury regardless of helmet use. Therefore, the patients with the combination of upper and midfacial fractures should be further evaluated for head injury regardless of helmet use.
